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Abstract
Background: Cognitive capabilities in childhood and in late life are inversely associated
with mortality rates. However, it is unclear if adult cognition, at a time still relatively free
from comorbidity, is associated with subsequent mortality, and whether this explains the
associations of early life factors with adult mortality.
Methods: We used data from the MRC National Survey of Health and Development, a
birth cohort study prospectively assessing 5362 participants born in 1946. The present
analysis includes participants followed up from age 43 and undergoing cognitive assess-
ment (verbal memory and search speed). Mortality outcomes were notified through link-
age with a national register. Cox regression was used to estimate mortality hazards in
relation to cognitive performance at age 43, adjusting for early life factors, socioeco-
nomic position and health status.
Results: Data were available on 3192 individuals. Univariable analyses indicated that
adult verbal memory and search speed, parental factors, childhood cognition and educa-
tional attainment were associated with mortality. However, multivariable models
showed that the mortality associations with earlier life factors were explained by adult
cognitive capability. A standard deviation increase in verbal memory and search speed
scores was associated with lower mortality rates [hazard ratio (HR) ¼ 0.86, 95% confi-
dence interval (CI) 0.77-0.97, P ¼ 0.02; HR¼0.88, 95% CI 0.78-1.00, P ¼ 0.05, respectively),
after adjustment for adult health.
Conclusions: Cognitive capability in early midlife was inversely associated with mortality
rates over 25 years and accounted for the associations of family background, childhood
cognitive ability and educational attainment with mortality. These findings, in a nation-
ally representative cohort with long-term follow-up, suggest that building cognitive re-
serve may improve later life health and survival chances.
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Introduction
Cognitive capabilities underpin health and well-being, and
inverse relationships with mortality have been consistently
described.1–4 Observed associations between cognition and
mortality may have multiple explanations, perhaps varying
in importance at different stages of growth, stability and de-
cline.5 Most of the literature on cognitive capability and
mortality has examined the relationships when cognition is
measured in childhood and early adulthood6–8 or in late
life;9,10–15 few studies have measures of cognitive capabil-
ities in child and adult life and a long mortality follow-up.
A systematic review and meta-analysis of 16 prospective
studies showed each standard deviation advantage in child
or adolescent cognitive ability was associated with a haz-
ard ratio (HR) of 0.76 [95% confidence interval (CI) 0.74-
0.77] for all-cause mortality.6 Whether this association is
due to cognitive ability acting as a mediator of early adver-
sity, a marker of ‘physiological integrity’ or a determinant
of subsequent educational attainment, adult socioeco-
nomic position and other life chances is an ongoing and
policy-relevant debate;3,16–18 these possibilities are not mu-
tually exclusive. In the systematic review, adjusting for SEP
in childhood did not affect the HR, though accounting for
adult SEP and education attenuated the estimates of effect
size. These observations are consistent with findings from
the Medical Research Council (MRC) National Survey of
Health and Development (NSHD) demonstrating that
childhood cognition explained some, but not all, of the as-
sociation between childhood SEP and adult mortality in
adulthood up to age 60 years, whereas education and adult
SEP strongly attenuated the association.19
The cognition-mortality associations seen in older
populations9,12–14 may also be driven by lifetime
socioeconomic factors and/or by a range of health condi-
tions (clinical or subclinical) including obesity, diabetes,
vascular disease and dementia.20–22 Here, the development
of common chronic pathophysiological processes (e.g. ath-
erosclerosis, inflammation) may have an impact on cogni-
tion as well as mortality.
Are the associations found in youth or later life also evi-
dent in early midlife? Do the factors associated with mortal-
ity identified in childhood exert their influence through
adult cognition, and at an age still relatively free from
comorbidity? The relative impact of child and adult cogni-
tion on mortality might have implications for interventions
aimed at reducing health inequalities.23 Similarly, whether
any associations are linear (for the whole population) or
only pertain to a subset of cognitive ability, is relevant from
a policy perspective. Finally, associations with mortality in
connection with specific cognitive domains or tasks (e.g.
episodic memory or reaction speed) or specific causes of
death, may suggest different underlying biological mechan-
isms. For example, neuroimaging studies lend some support
to the hypothesis that search speed is a fundamental mental
function representing brain integrity, and as such might be
more closely related to mortality than other cognitive
tasks.24,25 Cohort studies with prospective life course data,
such as the NSHD, offer an opportunity to investigate how
different measures of cognitive capability in early midlife
are related to subsequent mortality, and whether any associ-
ations are influenced by lifetime socioeconomic circum-
stances, early cognitive ability or health status.6,19 This
study set out to address the following questions.
i. Are verbal memory and search speed in early midlife
(at age 43) associated with all-cause mortality over the
subsequent 25 years?
Key Messages
• Previous studies have shown that cognitive capabilities in childhood and in late life are inversely associated with
mortality rates; studies with cognitive measures in child and adult life and long mortality follow-up are rare.
• Higher cognitive capability in early midlife, as measured by verbal memory and search speed, was associated with
lower mortality rates over 25 years of follow-up.
• The associations were linear across the whole range of these cognitive domains and were not explained by adjust-
ment for socioeconomic position or health status.
• Cognitive capability in early midlife accounted for the inverse associations of family background, childhood cognitive
ability and educational attainment with mortality rates.
• These findings suggest that social, educational and public health policies that build cognitive reserve could have im-
portant implications for later life health and survival.
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ii. To what extent are the associations of family back-
ground and childhood cognitive ability with mortality
explained by cognition in early midlife?
iii. To what extent are any relationships between cogni-
tive capability in early midlife and subsequent mortal-
ity explained by adult SEP or health status?
iv. To what extent are the relationships between cognitive
capability in early midlife and subsequent all-cause
mortality also seen for cardiovascular mortality and
cancer mortality?
Methods
The NSHD is a birth cohort of 5362 men and women, a
socially stratified sample from a maternity survey of all
births recorded during 1 week in March 1946 in England,
Scotland and Wales, and followed up over 20 times
since.26,27 Study participants were flagged for death notifi-
cation on the National Health Service Central Register in
1971 at age 25.
In 1989, when participants were 43 years old, 361 (7%)
of the original sample had died, 540 (10%) had perman-
ently refused, 607 (11%) were living abroad and 90 (2%)
were permanently untraced. Of the remaining 3749, 3262
(87%) were seen by a research nurse at home;26 the major-
ity of these (3247) were flagged for death notification.
Previous analyses have examined the representativeness of
the cohort over time.28 Ethical approval was obtained
from the Multicentre Research Ethics Committee, and
written informed consent was obtained from the study
member for each component of the data collection.
Outcome
We included deaths from any cause notified from March
1989 (43 years) until March 2014 (68 years). The primary
cause of death was coded using either ICD9 or ICD10 dis-
ease classifications, and mortality from cardiovascular dis-
eases (ICD9 codes 401-454 and ICD10 codes I10-I89) and
cancers (ICD9 codes 140-239 and ICD10 codes C00-C97)
were distinguished from other causes.
Verbal memory and visual search speed at age 43
All cognitive assessments were carried out by research
nurses according to a standardized protocol. Verbal mem-
ory was assessed using a 15-item word learning task, where
each word was presented for 2 s. The score represents the
total number of words correctly recalled over three identi-
cal trials (maximum 45). The visual search speed task
required participants to cross out the letters P and W, ran-
domly embedded within a grid of other letters, in 1 min.
The score represents the total number of letters searched
(maximum 600), minus the number of targets missed. Of
the 3247 participants, 3192 (98%) had at least one of these
measures available; this is the overall sample for analysis.
Covariates
Covariates were selected on the basis of factors previously
demonstrated to influence mortality rates in adult-
hood.19,28–30 These include childhood socioeconomic con-
ditions, cognitive development based on childhood
cognitive tests, educational attainment and adult health
and lifestyle factors.
Childhood socioeconomic conditions were assessed by
paternal and maternal education (primary, more than pri-
mary) and father’s occupation when participants were
aged 4 (or at 11 or 15 years if missing at age 4, n ¼ 29).
Father’s occupational class was defined according to the
Registrar General’s classification (classes I and II, profes-
sional and managerial; class III, skilled non-manual and
manual; and IV and V, semi-skilled or unskilled manual
occupations). Childhood cognition was measured at age 8,
using tests of reading comprehension, pronunciation, vo-
cabulary and non-verbal reasoning, designed especially for
the study by the National Foundation for Educational
Research in England and Wales.31 In keeping with previ-
ous analyses, scores in each of these domains were summed
(after rescaling for equal weighting of each test) and
standardized to the sample.32 Educational attainment by
age 26 was classified as: no qualification or below ordinary
secondary qualifications (vocational); ordinary secondary
qualifications (‘O’ levels and their training equivalents);
advanced secondary qualifications (‘A’ levels and their
equivalents, and higher qualifications of degree or
equivalent).
Participants’ occupational class in adulthood was
defined according to the Registrar-General’s classification
in the same way as for father’s occupational class.
Indicators of health status were obtained by the research
nurse at the home visit at age 43.33 These included: two
measurements of systolic blood pressure using a random
zero sphygmomanometer (the second measure was used in
this analysis); body mass index (BMI) calculated from
height and weight measured by standard protocols; self-
reported doctor-diagnosed cancer, stroke and diabetes;
and the World Health Organization Rose angina scale.34
Statistical analyses
The distribution and completeness of all variables was
examined. Proportional hazards for mortality were as-
sessed in a series of Kaplan-Meier plots and Cox regression
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models, where outcomes were death between ages 43 and
68 (Figure 1). Follow-up was until date of death, date of
emigration, or March 2014 (if still alive and continuing to
participate). Verbal memory and search speed were both
standardized to have a mean of 0 and standard deviation
of 1 in order to compare the effect sizes. Each analysis used
cases where complete data were available for all
covariates.
Correlations between the child and adult cognitive
scores were examined. The relationships between both of
the adult cognitive scores and subsequent mortality were
first investigated in Cox regression models using the max-
imum available samples, and Kaplan-Meier survival curves
were plotted with the scores divided by tertiles. The first
series of Cox regression models tested the sex-adjusted as-
sociations between each adult cognitive score and each
early life variable (parental variables, childhood cognition,
education) with mortality, and then mutually adjusted in a
multivariable model, using participants with complete
data. Interactions between sex and cognition at age 43
were tested. A second series of multivariable models
included both adult cognitive scores and the health status
variables and then additionally adult occupational class.
Comparison of model fit, assessed through tests of max-
imum likelihood, was used to identify the final model. The
modelling procedures were repeated for cause-specific
mortality (cardiovascular disease and cancer), using a com-
peting risks model where deaths from other causes were
censored at date of death.
Post-estimation procedures included Schoenfeld re-
siduals for checking assumptions of proportionality. In
order to assess linearity of any associations across the dis-
tribution of cognition, restricted cubic splines were fitted
(five knots), plotting log-hazard ratio for mortality against
z-score of cognition, and linearity visually assessed. Stata
version 12.1 was used for all statistical procedures.
Results
Characteristics of participants
Between ages 43 and 68, 315 deaths occurred during 80
014 person-years of observation (3.9 deaths (95% CI 3.6-
4.3 deaths) per 1000 person-years). Median age at death
was 60 years (interquartile range 54 to 64 years). Table 1
describes the characteristics of the sample, along with the
degree of missing data. At age 43, mean number of words
recalled was 25/45 (SD 6.4) and mean number of letters
searched was 342/600 (SD 76). The correlations between
childhood cognition and verbal memory and search speed
were q¼0.46 and q¼ 0.09, respectively. Half of the sam-
ple was male (n ¼ 1599, 50%), and 1062 (33%) had edu-
cational qualifications at ‘Advanced’ level or beyond.
Average BMI was 25.5 kg/m2 and 30% were current smok-
ers. By age 43, few participants had been diagnosed with
diabetes, stroke or cancer and less than 4% had a positive
Rose angina score.
Cognitive capability in early midlife and
subsequent mortality
Correlation between verbal memory and search speed at
age 43 was low (q¼ 0.16). In the maximum samples (n ¼
3192), performance on verbal memory and search speed
(z-scores) were both associated with mortality rate (per 1
SD increase in performance, sex-adjusted verbal memory
HR 0.79, 95% CI 0.70-0.89, P < 0.01; sex-adjusted search
speed HR 0.83, 95% CI 0.74-0.93, P < 0.01). Kaplan-
Meier survival curves describe the association of cognitive
performance with mortality from age 43, by thirds of cog-
nitive score (Figure 2). For both z-scores in verbal memory
and search speed (Figure 2), mortality rates increased with
decreasing test score. This linearity in the relationship was
also seen when plotting restricted cubic splines of the log-
HR against z-score for each cognitive performance
(Supplementary figures, available as Supplementary data at
IJE online).
Does cognitive capability in early midlife explain
the associations between early life factors and
mortality?
Each adult cognitive score and each early life factor was
related to mortality in the sex-adjusted models (Table 2,
left column). There was no evidence of interactions be-
tween sex and the cognitive scores at age 43. In the multi-
variable model (Table 2, right column), the hazard ratios
for the two cognitive scores were only slightly attenuated,
whereas the hazard ratios for the early life variables were
substantially reduced.
Early 
life SEP
Cognition 
aged 43
Death after 43
Midlife 
exposures
Parental factors age 0
Cognition age 8
Attainment age 26
BMI age 43
BP age 43
CV disease age ≤43
Diabetes age ≤43
Smoking age 43 (current/ever/never)
Figure 1. Schema outlining life course relationships contributing to ana-
lytical models.
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Are relationships between cognitive capability in
early midlife and subsequent mortality explained
by adult SEP or health status?
Associations between cognitive capability at age 43 and
mortality remained robust when included in a model with
all other covariates independently associated with hazard for
death [BMI, systolic blood pressure (BP), diabetes and smok-
ing status] (fully adjusted verbal memory HR 0.86, 95% CI
0.77-0.97, P ¼ 0.02; search speed HR 0.88, 95% CI 0.78-
1.00, P ¼ 0.05) (Table 3, Health Status model). In this
model, other health factors (stroke, cancer, WHO angina
score) were not associated with mortality. Occupational
Figure 2. Kaplan-Meier survival curves describing unadjusted mortality from age 43 onwards in respect to tertiles of cognitive performance. Left
panel: verbal memory; right panel: search speed. Note y-axis originates at 0.85.
Table 1. Characteristics of 3192 NSHD participants cognitively assessed at age 43 and flagged for mortality
N or mean % or SD Missing %
Verbal memory (raw score mean, SD) 24.7 6.4 147 4.6
Search speed (raw score mean, SD) 342 76 49 1.5
Men (N, %) 1599 50 0
Father’s occupational class at child age 4 246 7.7
I þ II (N, %) 680 21
III NM þM (N, %) 1468 46
IV þ V (N, %) 798 25
Father’s education by age 6, > primary (N, %) 1230 39 368 11.5
Mother’s education by age 6, > primary (N, %) 1088 34 344 10.8
General cognition age 8 (mean, SD) 0.0 1 366 11.5
Educational attainment by age 26 (N, %) 171 5.3
< Ordinary level (N, %) 1111 35
Ordinary level (N, %) 848 27
Advanced level (N, %) 1062 33
Adult factors at age 43
BMI (kg/m2) (mean, SD) 25.5 4.2 20 0.6
Systolic BP (mmHg) (mean, SD) 123 16 53 1.7
Diabetes (N, %) 32 1 4 0.1
Smoking status 4 0.3
Current (N, %) 957 30
Ex (N, %) 1312 41
Never (N, %) 919 29
Positive WHO Rose angina score (N, %) 110 3.5 4 0.1
Stroke (N, %) 11 0.3 0 0.0
Cancer (N, %) 58 2 13 0.4
Occupational class (N, %) 15 0.5
I þ II (N, %) 1382 43
III NM þM (N, %) 1309 41
IV þ V (N, %) 486 15 15 0.5
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Table 2. Hazard ratios for all-cause mortality by cognition at age 43 and early life factors, estimated by Cox regression.
Complete case analysis of 2337 individuals
Cognition Sex-adjusted models Multivariable model
HR 95% CI P HR 95% CI P
Verbal memory age 43 (per SD) 0.73 0.64 0.83 <0.01 0.76 0.65 0.89 <0.01
Search speed age 43 (per SD) 0.80 0.70 0.91 0.01 0.86 0.75 0.98 0.02
Sex (F cf. M) 0.76 0.59 0.98 0.03 0.86 0.66 1.13 0.3
Early life factors
Father’s occupational class <0.01 0.8
I þ II [ref] [ref]
III NM þM 1.34 1.06 1.76 1.19 0.82 1.74
IV þ V 1.66 1.27 2.18 1.09 0.70 1.71
Father’s education (primary cf. > primary) 0.71 0.54 0.92 0.01 0.83 0.59 1.15 0.3
Mother’s education (primary cf. > primary) 0.74 0.61 0.91 <0.01 1.10 0.79 1.51 0.4
General cognition age 8 (per SD) 0.81 0.69 0.94 <0.01 1.02 0.86 1.21 0.8
Educational attainment age 26 <0.01 0.7
<Ordinary level [ref] [ref]
Ordinary level 0.84 0.61 1.14 0.95 0.68 1.34
Advanced level 0.62 0.45 0.84 0.93 0.63 1.37
Verbal memory and search speed standardized to sample undertaking testing at age 43. Univariable models are estimated in the same sample as the multivari-
able model (n ¼ 2337). All models are adjusted by sex. Sex-verbal memory and sex-search speed at age 43 interactions were tested in the sex-only adjusted mod-
els; there was no evidence of any interactions and they were not considered further. The multivariable model also includes the earlier life factors.
Schoenfeld residuals test for proportional hazards for multivariable model P ¼ 0.2
M, male; F, female; cf., compared with.
Table 3. Hazard ratios for all-cause mortality by cognition and health and smoking status at age 43, estimated by Cox regression.
Complete case analysis of 2930 individuals
Cognition Health status model SEP model Final model
HR 95% CI P HR 95% CI P HR 95% CI P
Verbal memory age 43 (per SD) 0.86 0.76 0.97 0.02 0.89 0.79 1.02 0.09 0.86 0.76 0.97 0.01
Search speed age 43 (per SD) 0.88 0.78 1.00 0.05 0.89 0.79 1.01 0.07 0.88 0.78 1.00 0.05
Sex (F cf. M) 0.86 0.67 1.10 0.2 0.81 0.63 1.04 0.1 0.87 0.68 1.11 0.3
Health
BMI (per 1 kg/m2) 1.03 1.00 1.05 0.06 1.03 1.00 1.05 0.07 1.03 1.00 1.06 0.05
Systolic BP (per mmHg) 1.01 1.01 1.02 <0.01 1.01 1.01 1.02 <0.01 1.02 1.01 1.02 <0.01
Diabetes (yes cf. no) 3.17 1.66 6.06 <0.01 3.30 1.73 6.27 <0.01 3.25 1.71 6.17 <0.01
Smoking status at age 43 <0.01 <0.01
Current [ref] [ref] [ref]
Ex 0.53 0.41 0.69 0.55 0.42 0.71 0.53 0.40 0.69 <0.01
Never 0.40 0.29 0.56 0.41 0.29 0.57 0.40 0.28 0.55 <0.01
WHO Rose angina score (positive cf. negative) 1.39 0.84 2.28 0.2
Stroke (yes cf. no) 1.72 0.42 6.95 0.5
Cancer (yes cf. no) 1.09 0.48 2.46 0.8
Occupational class age 43 0.06
I þ II [ref]
III NM þM 1.22 0.92 1.61
IV þ V 1.41 0.99 2.02
Verbal memory and search speed standardized to sample undertaking testing at age 43. Schonfeld residuals test of proportional hazards for final model
P ¼ 0.2.
M, male; F, female; cf., compared with.
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class at age 43 was not associated with mortality after ad-
justing for the adult cognitive scores, BMI, systolic BP, dia-
betes and smoking status (Table 3, SEP model); these latter
variables were included in a final model (Table 3, Final
model).
Are the relationships between cognitive capability
in early midlife and subsequent all-cause mortal-
ity also seen for cardiovascular and cancer
mortality?
In competing risks models, verbal memory was more
strongly associated with cardiovascular death rate (HR
0.79, 95% CI 0.63-0.99, P ¼ 0.04, adjusted for search
speed, sex, BMI, systolic blood pressure, diabetes and
smoking; search speed itself was not associated with car-
diovascular mortality) (Table 4). Conversely, search speed
was more strongly associated with cancer mortality (HR
0.77, 95% CI 0.65-0.91, P < 0.01, with the same adjust-
ments reported above, and no association with verbal
memory itself and cancer mortality).
Discussion
These analyses demonstrated an association between cog-
nitive capability in early midlife and all-cause mortality
over 25 years of follow-up, with independent effects
observed for both verbal memory and search speed.
Mortality associations previously shown in the NSHD
with factors earlier in life, namely family background,
childhood cognition and educational attainment,16,19 ap-
peared to act through midlife cognitive capability at age
43. Associations remained evident after adjusting for
health status and smoking, and were linear across the
whole distribution of cognition, in contrast to findings on
midlife physical capability and mortality in NSHD.30
The major strengths of these analyses are the cognitive
measures from early midlife and the long, prospective
follow-up of a nationally-representative population sam-
ple. They uniquely allow premature mortality from early
midlife to be understood in relation to earlier measures of
cognition and educational attainment. Examining a birth
cohort where all participants are of the same age also
allows investigation of factors unconfounded by age.
Nonetheless, several limitations should be highlighted.
First, in common with other cohort studies, these associ-
ations may be underpinned by residual confounding by
other factors. There has been some inevitable loss to
follow-up, yet the sample remains broadly representative
of the census population.35 We adjusted for childhood cog-
nition at age 8 as a measure of ability near the beginning of
education; however, growth in cognitive capability
throughout schooling and professional development may
not be fully captured here. By and large, there were few
missing data, but estimates may have been biased by com-
plete case analysis. However, comparison of the estimates
using a maximum sample size (sex-only adjusted model)
showed little difference compared with those in Tables 2
and 3. Finally, the observed associations may be subject to
secular trends and therefore specific to the generational
era.23
Our findings are consistent with and extend other stud-
ies reporting mortality associations with cognition, by hav-
ing prospective measures of cognitive capabilities in
childhood and in two domains in early midlife and follow-
ing up the sample for a longer duration. In the Whitehall II
Table 4. Proportional hazards for cause-specific death, estimated by Cox regression. Complete case analysis of 2952 individuals
Verbal memory
Sex-adjusted model
Search speed
Sex-adjusted model
Mutually and
sex-adjusted
Mutually and sex-, BMI-,
systolic BP-, diabetes-,
smoking-adjusted
HR 95% CI P HR 95% CI P HR 95% CI P HR 95% CI P
Cardiovascular
deaths (n 5 89)
Verbal memory age
43 (per SD)
0.68 0.55 0.84 <0.01 0.68 0.54 0.84 <0.01 0.79 0.63 0.99 0.04
Search speed age
43 (per SD)
0.78 0.63 0.97 0.03 0.83 0.67 1.04 0.1 0.95 0.76 1.19 0.7
Cancer deaths
(n 5 158)
Verbal memory age
43 (per SD)
0.92 0.78 1.09 0.3 0.94 0.80 1.12 0.5 0.98 0.82 1.16 0.8
Search speed age
43 (per SD)
0.75 0.64 0.88 <0.01 0.76 0.64 0.91 <0.01 0.77 0.65 0.91 <0.01
Verbal memory and search speed standardized to sample undertaking testing at age 43.
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study, 5572 individuals were followed up from an average
age in the fifth decade over 8 years, also demonstrating lin-
ear mortality associations over several domains.36 Our re-
sults are also comparable to analyses in the Caerphilly
Prospective Study, despite the greater age of that cohort
and differences in analytical approach (n ¼ 1870 men age
55 to 69 at baseline for 15 years).17 The Lothian Birth
Cohort had measures of cognition at ages 11 and 79; here,
cognition in childhood appeared to have less influence
than cognition assessed in older age on subsequent sur-
vival, and the change in cognition over the life course was
also informative,37
The degree to which observed associations with mortal-
ity are specific to a cognitive domain remains unclear. The
Atherosclerosis Risk in Communities (ARIC) study (n ¼
11 444, mean age 57 years, 6.3 years’ follow-up), showed
that tests of speed (digit substitution) and recall (delayed
word recall) were independently associated with mortality,
even in this cohort with relatively little subclinical vascular
disease.38 Participants in the Twenty-07 study (n ¼ 898,
mean age 56, 14 years’ follow-up) showed that general in-
telligence (IQ) was not associated with mortality once the
estimate was adjusted for reaction time (itself robustly
associated with mortality).24 This finding was broadly con-
sistent with analyses in the Health and Lifestyle Survey
(n ¼ 6424, age range 18 to 97, followed for 21 years), but
too few events occurred after measuring midlife cognition
to be conclusive.15 However, both these contrast with a
finding that verbal memory was more important when the
Lothian Birth Cohort 1921 was assessed at age 79.37
Taken together with the analyses presented here, these dif-
fering observations may reflect underlying differences in
the cohorts, the specificity of a given test for a particular
cognitive domain, the age at time of testing and the degree
of adjustment with other cognitive and health variables.
The underlying mechanisms that link cognition in early
midlife to mortality remain largely unknown, though
childhood cognition may have an impact on biological fac-
tors putatively associated with accelerated ageing.39
Prospective measures of SEP and health factors do not fully
account for these observations, at least to the extent such
variables were measured in NSHD. Both verbal memory (a
largely cortical function) and search speed (with a large
subcortical component) are evidently important, and we
did not demonstrate primary importance for one measured
domain over the other. It is unclear why these might differ-
entially be associated with cardiovascular or cancer mor-
tality, though we would emphasize the need for caution
when interpreting these classifications. Other comparable
studies have not always reported cause-specific mortality
in relation to cognitive domains, and results are not neces-
sarily consistent in magnitude or direction.14,15,40 Health
literacy may play a part, but may itself be a marker of gen-
eral cognitive capability.41,42 Future analysis should con-
sider trajectories of cognitive decline from age 43 onwards,
particularly if longitudinal change is even more strongly
associated with widening socioeconomic inequality or
change in health status.
The extent to which adult cognition is modifiable in the
population has been under-explored from a policy perspec-
tive.43 Nonetheless, population-based interventions to en-
hance cognitive capability at all stages of the life course
may be beneficial at the individual and societal levels.44,45
In conclusion, in a large British cohort study, cognitive
capability in early midlife was associated with mortality
into the seventh decade of life, independently of physical
health and smoking status, and accounted for the previous
effects of childhood cognition, educational attainment and
lifetime socioeconomic position. Overall, these findings
raise interesting possibilities around building cognitive re-
serve into midlife, with implications for social, educational
and public health policy.
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Supplementary data are available at IJE online.
Funding
The NSHD is supported by core and grant funding (programme
codes: MC_UU_12019/1, MC_UU_12019/3, MC_UU_12019/4)
from the UK Medical Research Council.
Acknowledgements
The authors thank all NSHD study members and the NSHD scien-
tific and data collection teams. Data used in this publication are
available upon request to the MRC National Survey of Health and
Development Data Sharing Committee. Further details can be
found at http://www.nshd.mrc.ac.uk/data. doi: 10.5522/NSHD/
Q101; doi: 10.5522/NSHD/Q102.
Conflict of interest: None declared.
References
1. Fried LP, Kronmal RA, Newman AB et al. Risk factors for 5-
year mortality in older adults: the Cardiovascular Health Study.
JAMA 1998;279:585–92.
2. Deary IJ, Whiteman MC, Starr JM, Whalley LJ, Fox HC. The
impact of childhood intelligence on later life: following up the
Scottish mental surveys of 1932 and 1947. J Pers Soc Psychol
2004;86:130–47.
3. Gale CR, Martyn CN, Cooper C. Cognitive impairment and
mortality in a cohort of elderly people. BMJ 1996;312:608–11.
4. Tilvis RS, Kahonen-Vare MH, Jolkkonen J, Valvanne J, Pitkala
KH, Strandberg TE. Predictors of cognitive decline and mortality
of aged people over a 10-year period. J Gerontol A Biol Sci Med
Sci 2004;59:268–74.
International Journal of Epidemiology, 2016, Vol. 45, No. 4 1223
 at U
niversity College London on D
ecem
ber 22, 2016
http://ije.oxfordjournals.org/
D
ow
nloaded from
 
5. Ben-Shlomo Y, Kuh D. A life course approach to chronic disease
epidemiology: conceptual models, empirical challenges and
interdisciplinary perspectives. Int J Epidemiol 2002;31:285–93.
6. Calvin CM, Deary IJ, Fenton C et al. Intelligence in youth and
all-cause-mortality: systematic review with meta-analysis. Int J
Epidemiol 2011;40:626–44.
7. Sjolund S, Hemmingsson T, Gustafsson JE, Allebeck P. IQ and
alcohol-related morbidity and mortality among Swedish men
and women: the importance of socioeconomic position.
J Epidemiol Community Health 2015;69:858–64.
8. Batty GD, Wennerstad KM, Davey Smith G et al. IQ in early
adulthood and mortality by middle age: cohort study of 1 million
Swedish men. Epidemiology 2009;20:100–09.
9. Dewey ME, Saz P. Dementia, cognitive impairment and mortal-
ity in persons aged 65 and over living in the community: a sys-
tematic review of the literature. Int J Geriatr Psychiatry
2001;16:751–61.
10. Guehne U, Angermeyer MC, Riedel-Heller S. Is mortality
increased in mildly cognitively impaired individuals? A system-
atic literature review. Dement Geriatr Cogn Disord
2006;21:403–10.
11. Kane RL, Shamliyan T, Talley K, Pacala J. The association be-
tween geriatric syndromes and survival. J Am Geriatr Soc
2012;60:896–904.
12. Contador I, Bermejo-Pareja F, Mitchell AJ et al. Cause of death
in mild cognitive impairment: a prospective study (NEDICES).
Eur J Neurol 2014;21:253–59.
13. Clarke PJ, Blount V, Colantonio A. Cognitive impairment pre-
dicts fatal incident stroke: findings from a national sample of
older adults. J AmGeriatr Soc 2011;59:1490–96.
14. O’Donnell M, Teo K, Gao P et al. Cognitive impairment and risk
of cardiovascular events and mortality. Eur Heart J
2012;33:1777–86.
15. Shipley BA, Der G, Taylor MD, Deary IJ. Cognition and mortal-
ity from the major causes of death: the Health and Lifestyle
Survey. J Psychosom Res 2008;65:143–52.
16. Kuh D, Richards M, Hardy R, Butterworth S, Wadsworth ME.
Childhood cognitive ability and deaths up until middle age: a
post-war birth cohort study. Int J Epidemiol 2004;33:408–13.
17. Gallacher J, Bayer A, Dunstan F, Yarnell J, Elwood P, Ben-
Shlomo Y. Can we understand why cognitive function predicts
mortality? Results from the Caerphilly Prospective Study (CaPS).
Intelligence 2009;37:535–44.
18. Batty GD, Der G, Macintyre S, Deary IJ. Does IQ explain socioe-
conomic inequalities in health? Evidence from a population
based cohort study in the west of Scotland. BMJ 2006;332:
580–84.
19. Kuh D, Shah I, Richards M, Mishra G, Wadsworth M, Hardy R.
Do childhood cognitive ability or smoking behaviour explain the
influence of lifetime socioeconomic conditions on premature
adult mortality in a British post war birth cohort? Soc Sci Med
2009;68:1565–73.
20. Arden R, Gottfredson LS, Miller G. Does a fitness factor contrib-
ute to the association between intelligence and health outcomes?
Evidence from medical abnormality counts among 3654 US
Veterans. Intelligence 2009;37:581–91.
21. Batty GD, Gale CR, Mortensen LH, Langenberg C, Shipley MJ,
Deary IJ. Pre-morbid intelligence, the metabolic syndrome and
mortality: the Vietnam Experience Study. Diabetologia
2008;51:436–43.
22. Belsky DW, Caspi A, Goldman-Mellor S et al. Is obesity associ-
ated with a decline in intelligence quotient during the first half of
the life course? Am J Epidemiol 2013;178:1461–68.
23. Richards M, Power C, Sacker A. Paths to literacy and numeracy
problems: evidence from two British birth cohorts. J Epidemiol
Community Health 2009;63:239–44.
24. Deary IJ, Der G. Reaction time explains IQ’s association with
death. Psychol Sci 2005;16:64–69.
25. Penke L, Maniega SM, Bastin ME et al. Brain-wide white matter
tract integrity is associated with information processing speed
and general intelligence. Mol Psychiatry 2012 17:955.
26. Wadsworth M, Kuh D, Richards M, Hardy R. Cohort Profile:
The 1946 National Birth Cohort (MRC National Survey of
Health and Development). Int J Epidemiol 2006;35:49–54.
27. Kuh D, Pierce M, Adams J et al. Cohort Profile: Updating the co-
hort profile for the MRC National Survey of Health and
Development: a new clinic-based data collection for ageing re-
search. Int J Epidemiol 2011;40:e1–9.
28. Wadsworth ME, Mann SL, Rodgers B, Kuh DJ, Hilder WS,
Yusuf EJ. Loss and representativeness in a 43 year follow up of a
national birth cohort. J Epidemiol Community Health
1992;46:300–04.
29. Strand BH, Kuh D, Shah I, Guralnik J, Hardy R. Childhood,
adolescent and early adult body mass index in relation to adult
mortality: results from the British 1946 birth cohort. J Epidemiol
Community Health 2012 66:225–32.
30. Cooper R, Strand BH, Hardy R, Patel KV, Kuh D. Physical cap-
ability in mid-life and survival over 13 years of follow-up: British
birth cohort study. BMJ 2014;348:g2219.
31. Douglas JWB. The Home and the School: A Study of Ability and
Attainment in the Primary Schools. London: MacGibbon and
Kee, 1964.
32. Richards M, Sacker A. Lifetime antecedents of cognitive reserve.
J Clin Exp Neuropsychol 2003;25:614–24.
33. Hardy R, Wadsworth ME, Langenberg C, Kuh D. Birthweight,
childhood growth, and blood pressure at 43 years in a British
birth cohort. Int J Epidemiol 2004;33:121–29.
34. Rose GA. The diagnosis of ischaemic heart pain and intermittent
claudication in field surveys. Bull World Health Organ
1962;27:645–58.
35. Wadsworth ME, Butterworth SL, Hardy RJ et al. The life course
prospective design: an example of benefits and problems associ-
ated with study longevity. Soc Sci Med 2003;57:2193–205.
36. Sabia S, Gueguen A, Marmot MG, Shipley MJ, Ankri J, Singh-
Manoux A. Does cognition predict mortality in midlife? Results
from the Whitehall II cohort study. Neurobiol Aging
2010;31:688–95.
37. Murray C, Pattie A, Starr JM, Deary IJ. Does cognitive ability
predict mortality in the ninth decade? The Lothian Birth Cohort
1921. Intelligence 2012;40:490–98.
38. Pavlik VN, de Moraes SA, Szklo M, Knopman DS, Mosley TH
Jr, Hyman DJ. Relation between cognitive function and mortal-
ity in middle-aged adults: the atherosclerosis risk in communities
study.Am J Epidemiol 2003;157:327–34.
39. Schaefer JD, Caspi A, Belsky DW et al. Early-life intelligence pre-
dicts midlife biological age. J Gerontol B Psychol Sci Soc Sci
2015, May 26. pii: gbv035. [Epub ahead of print.]
1224 International Journal of Epidemiology, 2016, Vol. 45, No. 4
 at U
niversity College London on D
ecem
ber 22, 2016
http://ije.oxfordjournals.org/
D
ow
nloaded from
 
40. Benito-Leon J, Romero JP, Louis ED, Bermejo-Pareja F. Faster
cognitive decline in elders without dementia and decreased risk of
cancer mortality: NEDICES Study.Neurology 2014;82:1441–48.
41. Bostock S, Steptoe A. Association between low functional health
literacy and mortality in older adults: longitudinal cohort study.
BMJ 2012;344:e1602.
42. Reeve CL, Basalik D. Is health literacy an example of construct
proliferation? A conceptual and empirical evaluation of its re-
dundancy with general cognitive ability. Intelligence
2014;44:93–102.
43. Government Office for Science. Foresight Mental Capital and
Wellbeing Project. Final project report, executive summary.
London: GO-Science, 2008.
44. Richards M, Deary IJ. A life course approach to cognitive cap-
ability. In: Kuh D, Cooper R, Hardy R, Richards M, Ben-Shlomo
Y (eds). A Life Course Approach to Healthy Ageing. Oxford,
UK: Oxford University Press, 2014.
45. Richards M, Deary IJ. A life course approach to cognitive re-
serve: a model for cognitive aging and development? Ann Neurol
2005;58:617–22.
International Journal of Epidemiology, 2016, Vol. 45, No. 4 1225
 at U
niversity College London on D
ecem
ber 22, 2016
http://ije.oxfordjournals.org/
D
ow
nloaded from
 
